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Recognition of Typed Letters in Noise 
DONALD W. BROWN 
Applied Research Laboratory, Sylsania Electronic Systems,* Waltham, Massachusetts 
Ten human observers were required to guess the identity of typed 
letters which were presented in varying amounts of noise. Various 
criteria were applied to the data, and rank order correlations be- 
tween criteria were obtained. The data are summarized in the form 
of a confus ion  matr ix .  
I. INTRODUCTION 
Interest in letter recognition (which may be considered as a part of the 
more general problem of pattern recognition) dates back to the work of 
Roethlein (1912). Roethlein surveyed most of the available typefaces by 
presenting letters for identification at varying distances from the subject. 
By means of this procedure he was able to rank letters according to their 
legibility. 
Tinker (1928) employing tachistoscopic presentation, produced legi- 
bility scales for printed letters (upper and lower case), numerals, and 
some mathematical signs. 
Most recently, Neisser and Weene (1960) studied the legibility of 
hand-printed characters. Results were presented in the form of a con- 
fusion matrix of the type used in the present investigation. 
The present study represents an attempt o determine a baseline for 
investigation of recognition of hand-printed characters by humans and 
machines. I t  seemed appropriate, as a first step, to determine the accu- 
racy with which humans recognize printed characters presented in vary- 
ing degrees of noise. 
II. METHOD 
APPARATUS 
There were twenty-two carbon copies of the alphabet in capital 
letters, made on light copying paper. An IBM electric typewriter was 
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FIG. 1. Samples of the twenty-second, sixteenth, tenth, and fourth carbons 
of the stimuli, L, 0, and H. 
used to insure equal key pressure. The paper was then stapled on indi- 
vidual 2½ X 3 in. cards, one letter per card. The cards were arranged in 
order of decreasing "noise" or blur, making a pile with the original copy 
of the letter on the bottom. 
Samples of the stimuli are presented in Fig. 1. The twellty-second, six- 
teenth, tenth, and fourth carbons are shown for the letters: L which was 
the easiest o recognize (i.e., had least number of errors); 0 which was 
intermediate in difficulty; and H which was most difficult to recognize 
(had the greatest number of errors). 
SUBJECTS 
The subjects were ten male employees of the Applied Research Lab- 
oratory (ARL), Sylvania Electronic Systems, a division of Sylvania 
Electric Products Inc. 
PROCEDURE 
Subjects (Ss) were instructed to begin with the twenty-second copy 
of a pile, picked at random, and proceed through to the first copy, giving 
a response or guess as to which letter was printed on each card. Each 
guess was also to be given a confidence rating by S, from one (1) to five 
(5): 1 indicating 11o confidence and 5 indicating complete confidence. 
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TABLE I 
THE CORRELATIONS OF THE SEVEN CRITERIA WITH ONE ANOTHER 
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2 3 4 5 6 7 
0 .81 ~ 0.62 ~ 0.91 ~ 0 .94 ° 0 .58 ~ -0 .24  
0.88 '~ 0.81 a 0 .86 ~ 0.42 b - -0 .34  
0 .54  ~ 0.66 '~ 0.24 -0 .30  
O. 97 a 0 .66 a - -0 .20  
0 .64  ~ -0 .20  
-]- O. 13 
1% level = 0.487. 
b 5% level = 0.381. 
The series of piles made up the whole alphabet, but S understood 
that any letter might be repeated at any time. 
[II. RESULTS 
The  letters were ranked according to seven criteria: 
I. The  trial of earliest correct recognition. 
2. The first trial of  continual correct recognition. 
3. The trial with a rating of 5. 
4. Cumu]ative total of correct ratings. 
5. The mean correct rating (from 4). 
6. The Roethlein (1912) rank order. 
7. The Tinker (1928) rank order. 
These rank orders were then correlated with one another (Table I). 
The five alphabet ranks from this experiment all intercorrelate at the 
1% level of significance. The Roethlein rank order correlates best with 
the weighted ranking criteria (4 and 5), and the Tinker rank order does 
not correlate significantly with any. 
A confusion matrix for trails 4 through 22, with most frequent errors 
indicated, is presented in Table I I .  Entries indicate the number of times 
each response was made to each stimulus. The number of errors made on 
each stimulus as well as the most frequent error(s) appear in the lower 
margin; the number of times each letter occurred as an erroneous re- 
sponse, as well as the letters to which the response was given most fre- 
quently, appear in the right margin. 
The present data was ordered according to the number of erroneous 
responses made to each stimulus character. The same was done for the 
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TABLE II 
CONFUSION MATRIX FOR TRIALS 4-22 WITH TOTAL ERRORS AND MOST 
FREQUENT ERRORS 
STIMULUS 
Neisser and Weene (1960) data using only the letters (i.e., the numerals 
were not considered either as stimuli or as erroneous responses to letters). 
The rank order correlation between these two sets of data was -0.08. 
IV. DISCUSSION OF RESULTS 
Table I shows negative rank order correlations between the data of 
Tinker (1928) and the data of the present study (regardless of the recog- 
nition criterion used). Significant positive correlations, however, were 
found between the Roeth]ein (1912) data and four of the five measures 
used in this study. These differences (between the Tinker on the one hand 
and Roethlein and the present study on the other) may be due to differ- 
RECOGNITION OF TYPED LETTERS IN NOISE 305 
ences in procedure. While Tinker employed tachistoseopic method of pres- 
entation, Roethlein varied legibility by varying the distance of the stim- 
ulus from the subject and the present investigation used varying amounts 
of "noise" to vary legibility. Thus in Tinker's study the subject was 
presented with the complete character with all elements visible for a 
very short period of time, while in the Roethlein study and the present 
investigation, under the conditions of long viewing distance and high 
noise level the outlines of the letters were visible (i.e., their general 
shape) but the internal elements (e.g., the horizontal bar of H) were ob- 
scured (c.f. examples in Fig. 1). 
The small negative correlation ( -  0.08) between the data of Neisser and 
Weene (1960) and those of the present study would appear to indicate 
that there is little or no relationship between recognition of blurred type- 
written letters and the recognition of hand-printed letters presented with 
good figure-ground contrast. It should be noted, however, that it is pos- 
sible that the correlation found between these sets of data could be due to 
the particular set of hand-printed characters, especially if there was any 
tendency on the part of the individuals doing the printing to be more 
careful with those letters which they felt were difficult o recognize. Thus, 
if sets of hand-printed letters were graded according to the extent to 
which they resembled printed letters, it would be expected that those 
most resembling printed letters would yield a high correlation while 
those bearing least resemblance would yield a low or even negative corre- 
lation. 
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